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1. INTRODUCTION chemotherapy campaigos;

- the recent development and ready availability of

Schistosomiasis (Bilharziasis) is a complex, simple and quantitatively reliable diagnostic

"person-made" helminth infection which affects around
200 million people in 74 tropical countrics (Jarotski and
Davis, 1981; WHO, 1985; Sleigh and Mott, 1986). Five
schistosome  species  (Schistosoma  japonicum, 5.
mansonl, S haematobium, 8. intercalatum and 5.
mekongi), taxonomically and epidemiologically distinct,
and using one or more species of snail intermediate hosy,
parasitize mankind;  each has been deseibed in
considerable detail. The theee former species are
medically the most important; the latter two species are
restricted in disiribution to West=Central Africa and to
the Mekong River in Southeast Asia respectively.

The lategt report of 2 WHO Expert Commitiee
on the Control of Schistosomiasis (WHQ, 1985) gives
detailed accounts of the epidemiolopy, pathology and
methods of control of the disease. In addition, the report
provides a brief review of progress in national
schistosomiasis programmes and, perhaps most important
of all, & strategy for morbidity conmirol which aims at
direct and rapid conlrol of schistosomal disease, which
is now distinctly feasible using integrated comntrol
procedures  spearheaded by safe and  effective
chemotherapy. The concept that schistosomal disease
may occur i only a proportion of the number of people
infected is now genetally accepted and can be expressed
in simple terms as follows:

- light paired=worm load = fow egg production
= little pathology = little priority for control;

- heavy paired-worm load > heavy ogy
poduction > marked pathology > high

priority for comtrol.

While eradication of schistosomiasis is seldom
attainable, (he major objectives of cwrent control
programnies are divected (1) to reverse the trend towards
heavy infections and (¥) 1o contain as far as possible the
spread of the infection,

Until about a dozen years ago, snail host
control, mainly by mollusciciding (or by envirpumental
alterations in the case of the amphibious Cucomelania
snail hosts) was the key elemenmt in schistosomiasis
control provedures. Numerous conttol projects in Brazil,
Egypt, Ghana, Israel, Jordan, Madagascar, Philippines,
8t. Lucia, Tanzania, Venczuela, Zimbabwe and
elsewhere, showed that snail control by molluscicides,
uspally in combination with other feasible methods,
could, with careful planning and sustained organization,
teduce or temporarily eliminate trapsmission. In the
absence of satisfactory chemotherapy at that time, the
devetopment of snail control techmology and approaches
were then, oot suprisingly, given greatest altention at
both resenrch and operational levels (Ansar, 1973). This
emphasis, however, has recently been revised 1o make
way for a new control stratégy (WHO, 1985) as a result
of:

- the availability today of new, safe and effective
diugs capable of  eliminating  schistosomal
motbidity  through population=hased

techniques;

- advances i the design of morc relevant and
cost—effective sanitary facilities and domestic
water supplies;

- current vapid advances in data management
mechanismns;

- efforts by many cndemic courtries o put
primary health care principles into effect;

- increasing awareness that schistosomissis Is
cszentially a "person-made” diseage gnd that
affected communities must achieve a sense of
responsibility aimed at significanty reducing
transmission intensity;

- the fact that while no two transmission foci are
similar, it is usually possible to predict major
sites and seasons of transmission:

- realization that today most cases {probably
morc than 90%) of schistosomal disease arc
found in Africa where the reguiremenis for
sustained preventive health services are not
infrequently deficient (see Anncx 1);

- feasible national plans of action can be
prepared, implemented and evaluated:

- the rcady = availability of bilsteral and
international collaboration on along~term basis
1o help bring schistosomal disease under
cost—effective control.

In contrast to these advances, the resources for
snail host control per sc have not markedly improved
#nd the impetas to develop them has regressed in recent
years, At the present time, only one chemicsl
molluscicide is  predominantlty used iIn control
programmes. However, endemic countries which have
sufficient resources and  sustained  orgenizational
capabiliies and which place high prority on
schistosomiasis control, do stll undertake carefully
planned meoellusciciding pregrammes either
complementing or supplementing other control measures
with very satisfactory results.

Nowadays, therefore, snail host conirol
measures are best considered as one of several possible
supportive procedures in inteprated schistosomiasis
maorbidity  cantrol  activities, domigated by
papulation-based chemnotherapy schedules. Bearing this
in mind, the primary emphasis in the present document
is more on practical aspecis of the use of mollusciciding
in current schistosomiasis control programmes, rather
than on theoretical considerations/research findings,
especially sinee the latter have boen  adequately
described elsewhers by Andrews, Thyssen and Lorke
(1983} Ansari (1973) Cheng (1974) MeCullough,
Gayral, Dunvan and Christie (1980) and others.

- The feasibility/desirability of chemical snail
control operations can probably best be considered
within the three phases of schistosomiasis control
operations  defined in the WHO Expert Committee
Report (WHQ, 1985) as follows:
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(i) Phase | (planning) is the period when the
colleation of necessary cpidemiological data takes place,
2 matiopal plan of action is prepared in which the
quantitative goals of the vontrol programme are defined
according to the priority given to the problem, a feasible
opetational approach is decided upon, and appropriate
resources are allocated to the programme.

(ii) Phase 2 (attack/intervention) is the period
of active intervention. The operations are intgnsive and
continually evaluated. In this phase a rapid reduction in
prevalence and intensity of infection can be anticipated,
This phasc is usually shorter than the first phase,
Preparations for phase 3 should be started at the
beginning of phase 2.

{iii) Phase 3 (maintenance) is a protracted
follow—up period during which maintenance measures
will be necessary in most situations; fewer resources will
be requircd and they will be used to support established
facilitics and primary health care for surveillance and
monitoring,

2 OBJECTIVES OF SNAIL HOST
CONTROL BY MOLLUSCICIDING

Ii is important to recognize that objectives
ghould be defined as far as possible on a quantifiable
bagis and that they may vary not only from one endemic
country to another, but alse according to the ecological
conditions of cach transmission/snail habitat situation,

The main reasons for setting objectives are (i)
to avoid an empirical, ad lib approach to the solution of
prablems, (i) to assist in making valid evaluation of the
programme and (iii) to improve the cost-effectiveness of
control operations. While the definition of objectives is
obviously cssential in research studies, their inclusion in
control  programmes  should never be regarded as
superfluous,

The matn objective of the use of molluscicides
in schistosomiasis control programmes may be described
as follows:

- to contribute, preferably in combination with
chemothcrapy and other feasible control
teasures, to significant reduction/control  of
schistosome  transmission by cost—effective
destruction of snail host populations and, in
patticnlar, infected snails in selectcd habitats
and during the period(s) of peak transmission.
The snail population density at transmission
sites should be reduced by 2 minimum of 95%
and this level of reduction should be maintained
throughout the main season(s) of transmission.

Subsidiary objectives may include:

destruction of snails in certain breeding sitcs
which contribute significanily to augmenting
snail host population density in  neatby
transmission foci; (good examples of this
approach are noted in Morocen, St Lucia,
Tanzanmia ({fakara), Tunisia, ete.);

prevention  of transmission at  freshwater

pleasure/tourist resorts (examples demonstrating
the importance of this approach occur, or have
occurred, at natural and man-made lakes/dams
in Kenya, Rwanda, Zimbabwe and a1 waterfall
pools in Tanzania, Mali, etc.);

reinforcement of community involvement in
control operations including awareness of where
schistosomiasis is caught and how villagers can
coptribute 1o reduction/control of transmission
by their own offorls, mainly by sustained
behavioural change;

marked teduction of intensc trapsmission at
sites used by workers at special risk (o.g. siles
at fishing villages in Lake Volta, Cihana);
elirnination of a newly introduced potential
snail host (g, Biomphalaric stramineq in
Hong Kong; spread of Bulinus truncatus and
Biomphalaria pfeifferi in Ghana, ete.);

total elimination of snail hosts to prevent the
risk of trangmission in certain kinds of habitats
(e.g. some oases in nomthern Africa; certain
gall isolated transmission sites in Zanzibar,
ete.); or _

preventing, as far as possible, the establishment
of dense smail host popitlations in new jrrigation
schemes (e.g. Rahad irrigation scheme, Sudan),

GENERAL INFORMATION ON
MOLLUSCICIDES

In the following nine sections, brief information
is given on topics which have either direet or indirect
relevance to mollusciciding operations and which may
be useful to supervisors of chemical snail control
programines and also for training purposes.

3.1 Advantages/disadvantages of

mollusciciding operations

Completely satisfactory statements on the
advantages andjor disadvantages of mollusciciding
operations are difficult to make as the parameters (e.g.,
fransmission site characteristics, abjectives, formulations,
application procedures, staff training and resources) are
likely to vary widely from onc country to another and
even for each iransmission site. In general, however,
among the advantages of sclective mollusciciding
opetations arc:
- rapid interrtiption of transmission can be

obtained;

community participation is not essential, but is

desirable;

cost cfficiency can be very satisfactory;”

application eqipment is vsually simple and

cheap and can often be used for the control of

other vectors;

application methods are normaltly simple, do

not require special skills and are asily leamed

(good supervision is, of course, cssential);

selection of important transmission sites (see

Armmex 2), where molluscicide application is
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required, is usually simple and based mosily on
water-use pattcms;

- safery margins to man and his domestic animals
and plants are very wide (toxicity to other
non—target fauna and flora is temporary and
does not canse concern, the regimen being focal
and usually periodic)

- health education progratnmes are reinforced as
a result of these operations;

- integration with other pesticide control
programmes is usually easily arranged.

Among the disadvantages of mollusciciding are:

- the need for repeated applications, since
eradication of spail host populations is rarely
attainable;

- the sustained motivation, reliability and
supervision of smail control teamns, although
mandatory, may not be assurcd;

- the effect on schistosomal morbidity, evep
when snail control measures are efficient and in
the absence of chemotherapy, is delayed; and

- technical  discetmment  is  requited  for
appropriate application procedures in the wide
variety of ifransmission sites inm any endemic
area.

3.2 Characteristics of a suitable molluscicide
The perfect molluscicide does not vet exist and
indeed may never do so. A list of characlenistics has
been laid down in 2 WHO publication (1965). The
following minimum requirements apply:
- toxicity 1o snails at low concentration;
- they must be safe to use in respect of acute and
chronic mammalian toxicity;

- if thcy emter the food chain, they must not
produce adverse effects;

- they must be stable in storage for 18 months or
longer;

Other considerations include acceptable cost;
ready availability; particular specificity for snails; low
toxicity for non—target biots; diversity of formulations;
simple means of application; simple and reliable method
of measnring concentration levels in habitats,

3.3 Currently available molluscicides
A vast array of compounds are molluscicidal.

In recent years many references relating to schistosomiasis
conteol state categorically that molluscicides are expensive and may
lead to problems of toxicity to ncn—tzrggnorgamms ad deleterions
long—term effects oo the environment. Thiz ungualified statemént 18
mislezding, if not indeed errontons, when applied to focalfseasonal
mousciaiding, particularty if it can be carried out uwsing primary health
care procedures, It did, bowever, apply to certaln bankel of area—wide
mollusciciding operations which were formerly practised mainly in
countries with extensive, sophisticated irvigation networks. Klumpp and
Chu (1987) have statcd that in their experience in Iran, Egypt and
Ghana, area~wide mollusciciding is expensive, wasteful, ccologicall
upsound snd generslly ineffzctive. 'I'hég conclude, on the other hand,
that focal mo?]usciqi ng i a cost-cffective method in virtually all
habitats, However, i encemic areas like the Nile delta, it js unlikely
that ever focal/seasonal mollusciciding will condribute significantly 10
a reduction in schistosomal transmission in the area 28 a whole,
However, in certain affected communities where, for example,
po]]:ula!inmbuc.d chemotherap camgiaigns may hive proved lest
satigfactory, focal/seasonal mollusciciding, if caried out :rigumus‘;}i.
could then probably play a wseful, additional role in disease control.

Duncan (1974} gives a good review of the development
and application of molluscicides in schistosomiagis
control. Among molecules given early consideration apd
long since abandoned are those of calcium and copper.
Between 1946 and 1955 no less than 7000 chemicals
were screcned for promising molluscicidal activity
(Ritchie, 1973) and sodium pentachlorophenate (NaPCF)
was identified as potentially useful, but was later
discarded as being too toxic; however, it is still being
used in China. Similarly, several lead and tin compounds
were observed 10 be highly active molluscicides |, both
in the laboratory and in limited field trials, but were not
brought into general use because of serious reservations
concerning  their  toxicity. Inm Japan, Yurimin
(3. 5-dibromo=-4=-hydroxy-4-nitroazobenzene) replaced
NaPCP, but after being in use for a few yeas its
manwfacture ceased. Virtually the same fate applied to
Frescon®™ (N—tritylmorpholine), one of the most highly
active molluscicides (though not lethal to snail eggs)
which failed to fulfil its early promise; though some
stocks still exist for vse in & few control schemes, they
are unlikely to be replaced in the years ahead. Similarly,
copper salts have been largely discarded in most snail
control programmes, The molluscicidal efficacy of
copper, immespective of the method of application (in
some slow-release matrices, m chemical bamicrs, in
compounds of different anionic nature, «te) has been
less than satisfactory, especially in the presence of
organic materials, certain kinds of dissolved solids, and
at high pH values. Moreover, the cost—effectivencss of
copper sulphate, in spite of its low purchase price, has
heen shown to be unacceptably high in comparison with
that of niclosamide.

In Japan, an inexpensive compound named B=2
(sodivm 2.5 dichloro-4-bromophenol) has been field
tested in liquid and wettable powder formulations against
the amphibious Oncomelania nosophora (Kajibara ot ol,
1979). Its residual concentration in soil decreased rapidly
and its uptake in rice did not exceed 0.03 mg/l. Its
toxicity has limited its widespread use.

In the People’s Republic of China, a search for
new and more effective molluscicides of chemical and
plant origin is being undertaken. Fluoracetamide and its
analogues (bromoacetamide, chloracetamide) have been
investigated against amphibious snails. These compounds
have high molluscicidal activity, low toxicity for fish,
arc water soluble, stable and eagy to apply. The resuls
of smalj-scate field trials indicate that they are
particulaily suitable for use in fish ponds. Although
these compounds can not be regarded as cumcotly
available, they are mentioned bere because they have
some promise of being effective in certain kinds of
habitat.

Organotin  compounds, particularly tributyltin
oxide, showed promise as highly effective moliuscicides
with absence of significant mutagenic and carcinogenic
effects. However, its effect on aquatic fauna, particoiatly
shellfish has resulicd in its being banned for use in
marine paints in Europe.

At the present time niclosamide (marketed as
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Rayluscide®) is virtually the sole available molluscicide,
and in ferms of effectiveness and completeness of
cvaluation, it is the molluscicide of choice. It is also the
only molluscicide, unlike numerous insecticides, which
has been & corumercial success. The usual formulations
of Bayluseide® (70%  wettable powder and 25%
emulsifiable concentrate) are both highly effective. In
practical use, a concentration of 0.6-1 mg! is
recommended with an exposure time of 8 hr (WHO,
1973}, or 033 mg/!l for 24 hr (Barnish and Prentice,
1981). The eoffective dose for amphibious snails
(Oncomelenia spp.) is 0.2 g/n® of moist soil. The
manufacturer recormimends 0.6 and 1 mg niclosamide/1
water of the wettable powder formulation for the
mollosciciding  of stagnant and flowing waters,
respectively, while 0.4-0.6 and 0.6 mg/l, respectively,
are recommended when the 25% emulsion concentrate
formulation is used (Bayer AG, Technical Information;
unpublished), The latter achieves an excellent spreading
effect in standing water, with or without vegetation,
when mixed with diesel oil at a ratio of 8.5 parts of
25% EC to 1.5 parts of diesel oil. The molluscicidally
effective concentrations should persist for at least B
hours. "Home-made"  granule, sand and  gelatin
formulations have been applied with success in specific
situations (sce Andrews e al., 1983). Niclosamide has
also been commercially formulated in Egypt as 2 60%
wettable powder marketed as Mollmox® Some
characteristics of Bayluscidew and the source of supply
are given in Annex 3 further details, if required, can
also be provided by the manufacturers (Bayer AG). The
most complete  account of the biochemistrty and
toxicology of Bayluscide® is given in the review by
Andrews et al. (1983); this document cites 322
refercnces. At molluscicidat concenrations Bayluscide®
is lethal 1o fish (unless, of course, they can escape to
unatfected parts of the waterbody); fish, so killed, can be
safely eaten. There is still no definitive evidence of
resistance to niclosamide. Practical procedures for the
field use of Rayluscide® are given in Annex 4. When
wsedd  focally andfor seasomally, and in judicious
combination with other control methods, the application
of this molluscicide can be cost—cffective and does not
cavsc any scrious adverse biocidal environmental impact.

3.4 Molluscicides of plant origin

Duning the present decade several imporiant
reviews on plant molluscicides have been published
(Kloos and McCullough, 1982; Marston and
Hostcttmann, 1985; Mott, 1987). Rescarch on plant
molluscicides has also increased in recent years in the
hope that they may prove to be cheaper, more readily
available and tore aligned to self-reliant conmol
strategy, than the wuse of imported synthetic
molluscicides, However, no plant molluscicide has yet
been employed widely in any endemic country, nor can
this prospect be readily envisaged in the next few years.
The desirable characteristics of molluscicidal plants are
shown in Annex 5 and the major classes of natural
compounds  with recognized molluscicidal — actjvity,

together with some plant species which produce them,
are given in Anncx 6, No plant mollugeieide is specific
to snails; some have been discovered because they are
potent fish poisons. Few have been adequately tested
under  simulated ficld conditions, Long—term
toxicological studies have not, as yet, becn undertaken
on any vegetable molluscicide, but obviously the same
regulations apply in regard to their acwie or chronic
toxtcology as do those for synthetic producty.

Of the many plant species, beloniging 1o at least
16 familics, which show a notable level of molluscicidal
activity, only a fow can be short—listed as "candidate”
plant molluscicides. Even for each of these "candidates”
very serious caveats apply in regard 1o their general wuse;
none can at present be recommended unreservedly,

No doubt, research on vegetable molluscicides
will continue 1 gain support, but, from the viewpoint of
their widespread availability and application in national
conteol progtammes, it seems too optimistic to cxpect
any dramatic breakthrough in the years immecdiately
ahead.

3.5 Mode of action of molluscicides

Research on the mode of action of
molluscicides has followed two main paths. Firstly, the
binchemistry and physiology of snails have been studied
with the aim of explaining molluscicidal activily, or of
demonstrating unusual features of molluscan metabolism
or funclion which molluscicides might then exploit.
While these scemingly logical approaches have not, as
yet, led to the identification of any new agent, they have
demnonstrated other noteworthy relationships, Sceondly,
tesearch on the bioassay of groups of related compounds
has been undertaken with the aim of eclucidating
chemical structure=biological activity relationships, This
approach has indicated some of the properties required
of molluscicide molecules and bas led, for example, to
the discovery and development of niclosamide and
nicotinanilide.

It has long beep observed that poisoning with
molluscicides causes the snail either to retract inle the
shell and expel haemolymph or to become swollen and
remain extended from the shell opening. The latter
response i seen particularly with organotins and certain
tarbamnates and suggests loss of water-balance control,
The water=balance of gastropods is thought 1o be under
tieurosecretory control. N-iritylmorpheline has been
shown to reduce neurosectetory activity in B, fruncatus,
while long=term exposure of the pulmonate,
Indaplanorbis exustus, to barium chloride and copper
sulphate also resulted in diminished neurosecretory
activity. In addition, it has been shown that water flux
through B. glabrata falls in the presence of a number of
molluscicides at concentrations around their LC,, values.
It may well be, therefore, that molluscicides cause stress
on the water-balance system and that this alone is lethal
W the snail, or that reduction of normal water flow
through the spajl precipitates other disturbances in
melabolism or physiological fupction similar to those
described above. It is of interest that the activity of some
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insecticides has been attributed to such multicomporent
poisoning, caused by the release of neurohormenes.

A6 Toxicity, mutagenicity and
carcinogenicity testing
White many available and candidate

molluscicides have undergone adequate shori— and
medium~term (90 days) toxicity testing, fow have been
subjected to long—term toxicological studics. There is no
strict  correlation  between  acute  toxicity  and
carcinogenicity (e.g., a chemical with high acute toxicity
may be of low carcinogenicity or vice versa). According
to the available literature niclosamide s the only
molluscicide  which  has  undergone  rigorous
carcinogenicity testing (Andrews et al., 1983),

In regard to mutagenicity testing, the growing
empirical relationship betwesn mutagenicity and
carcinogenicity does not tmply that the two progesses are
identical, but mutagenicity testing does suggest itself as
a rapid pre-screening assay for carcinogenicity. With
this reservation in mind, it is of interest that when
N-iritylmorpholine, copper  sulphate and  sodivm
pentachlorophenate were racently tested for mutagenic
propertics in a bacterial system, none showed any
evidence of mutagenic activity.

3.7 Resistance to moljnscicides

Fortunatcly, from the practical viewpoint, there
is still little evidence that snail hosts can develop serious
resistance to molluscicides, nor has this phenomenon yet
hampered snail control operations. For diverse reasons,
tesistance 10 molluscicides will probably never attain the
samc socio—economic importance as the problems
arising from resistance to insecticides. Observations in
the literature on this topic can be summarized as
follows. Preliminary and debatable evidence has been
reported from foel in Iran indicating increased resistance
of Bulinus truncatus that had been subject, for about 10
years, to an anpual freatment with niclosamide at a
concentration of 1.0 mg/l (Jelpes, 1977). Morcover, field
populations  of B. truncatus exposed to
N-tritylmorpholine in Sudan have been shown to be
more tolerant to the chemical and to take it up more
slowly than snails from untreated areas (Daffalla and
Dunecan, 1979). In St Lucia, Biomphalaria glabrate
exposcd 1o miclosamide at regular intervals for 9 years
did not exhibit any evidence of rosistance; indeed their
suscoptibility to Bayluscide® was similar to B. glabrata
from other habitats in 3t Lucia which had never been
exposed to mollusciciding (Barnish and Prentice, 1981),

In laboratory studies some success has been
¢claimed to produce sclected strains of planorbids with
increased tolerance to molluscicides (Newton, 1963;
Sullivan er al., 1934; Julnes, 1987).

With regard to the amphibious Oncomelanio
snail hosts, several stodies have been undertaken by
Tapanese workers on resistance to molluscicides, mainly
sodium pentachtorophenate (NaPCP). The results have
bean inconsistent, some providing evidence of resistance,
while others have not done so, even among snail

populations treated with NaPCP twice a year for more
than 18 years.

An atternpt was made to develop a prototype
molluscicide resistance test kit for use in the field. This
kit was senmt for evaluation to a dozen specialisis
working in endemic areas where sustained chemical
control of snail host populations was being practised;
unfortupately, definitive evaluation of the kit has not
materialized due to a poor response rate.

3.8 Laboratory screening of molluscicides

In 1963, the World Health Organization (1965b)
supported the preparation and publication of guidelines
for the screening and evaluation of molluscicides. The
methods and yecommendations established at that time
remain valid today. Later, in 1970, the Qrganization
convened a mecting to review in depth molluscicids
testing and evaluation (WHO 1971}, The report of that
meeting, among other subjects, describes in considerable
detail  preliminaty, definitive and comprehensive
laboratory screening procedures for both aguatic and
amphibious spail hosts. Duncan and Sturrock (1983)
have described the laboratory screening of plamt
molluseicides.

39 Field testing and evaluation of

molluscicides

In the mimeographed report (WHO 1971)
pertinent information is given on the fvllowing topics:
testing sites; abjectives; main parameters govemning field
testing; mode of action and formulation of the
molluscictde; factors influencing wansmission; patterns
of chemical dispersal in different types of fransmission
site; the use of chemical estimation; bioassay procedures;
auxiliary methods (dyes and tracers); the interpretation
of snail host reinfestation after treatment. The ficld
testing of plant moiluscicides has recently becn
described by Sturrock and Duncan (1983).

4. THE APPLICATION OF
MOLLUSCICIDES

4.1 Some general aspects

Molluseiciding operations have been and remain
today the most important method for the destruction of
snail hosts, especially the ruly aguatic, planorbid species
belonging to the penera Bulinus and Biomphalaria.
Oncamelania spp., which transmit 8 japenicum in the
Far East, are on the other hand less amenable 10
chemical control in most ecological situations,
(mcomelania, in contrast to the planorbid genera, arc
amphibious, dioecious, operculate, very small and
reproduce relatively slowly, Environmental alterations
are offen more successful than molluscicides 1o control
these prosobranch snail hosts and, in addition, sach
maodifications  frequently provide other benefits for
socio-economic development. Nevertheless,
mollusciciding with niclosamide and other compounds
{e.g. sodivm pentachlorophenate and some amides) are
still selectively employed in China, the Philippines and
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in the Lindu Valley, Sulawesi, Indonesia, especially
where other procedures such as drainage, filling-in,
flooding, cte. cannot be implemented.

Mollusciciding is not a feasible method to
control  Tricula spp., which transmit S5 mekongi in
certain locations in the huge Mekong river, nor is it
cost—cffective  in certain  endemic zones (mainly
tnountainous areas and flood plains) in China.

In general, and from a practical vicwpoint, snail
hosts of the aquatic genera Bulinus and Biomphalaria
are almost cqually susceptible to the available
molluscicides, Moreover, both genera occur in a wide
variety of freshwater habitats including lakes, dams,
rivers, streams, ponds, borrow pits and  irrigation
systemis. Both are extraordinarily adaptable to different
ecological conditions and their population densities can
fluctuate widely according to seasonal changes and other
impinging factors. Both c¢an be present in the same
habitat, but one specics 5 usually dominant. Precise
knowledge of tho interaction of the nwrmerous factors,
which govemn the survival/iegression of snail host
populations, is still lacking, but it seems that both
Biomphalaria and Bulinus tend to prefer more stable
walerbodies. On the other hand, unstable or changng
transmigsion  sites, where smail population densities
increase rapidly during favourgble conditions and where
human contamination is high, must e kept under regular
surveillance. The recent ascendancy of Biomphalaria in
the Nile delta, where concomitantly Bulinus  has
declined, is notable. Similarly, in the Volta river below
the Akosombe dam site, Biomphaleria snails and S
mansoni were formerly quite rare; nowadays following
the ceological changes brought abowt by the barrage of
the river, Biomphalaria snails are abundant and intestinal
schistosomiasis is 2 major public health problem in
many communities. The ¢gse with which these truly
aquatic snails can rapidly spread to new, isolated habitats
raises intriguing questions.

The distribution of the snail hosts in their
habitats is non-random, treflecting the whereabouts of
the Food resources {c.g. decaying vegetation, algac) and
also physical features (e.g. sandy/muddy subsmatum,
water flow patiemns) which attract or repulse the
molluscs. Snail host populations thus tend to be dynamic
in space and time, These principles and the observations
that low infection rates (e.g. less than 1.0%) in snails
may be associated with relatively high infection rates in
the local human community, peint to the need (i) to
identify potential transmission sites, both geographically
and seasonally, and (i) to predict the habitats favoured
by the snails, if cost—effective molluseiciding is to be
suceessfully carried out.

With relevance to each endemic country ameng
the main parameters governing whether snail host
control operations shotld or should not be carried out,
the following detcrminants may be listed:

- the objectives and phasing of the
schistosomiasis control programme;

- the ntensity and seasemality of transmission;

- the Iocation and characteristics of the

transmission site;

- the resources and maintenance of manpower,
equipment and finance.

It may also not be superfluous to repeat and
stress the following views:

- Experience has repeatedly demonstrated that
molluscicides can significantly reduce snail host
populations, but scldom eradicate them.
Repeated applications are therefore necessary in
order to prevent intense transmission,

- The real objective of mollusciciding, as with
other control tools, is to help reduce/prevent
schistosome motbidity and not neccssarily 1o
destroy all snail populations, many of which
are unlikely to contribwte significantly to
schisiosomal discase, Moreover, it 15 "man”
who is the "vector" of Schistosoma spp.; the
gnails are innogent. Mollusciciding operations at
gach transmission focus, if they are 1o be
underiaken, need to be carefully planned and
implemented by well motivated,
multidisciplinary teams.* Otherwisc, they arc
likely to be simply wasteful.

- Mollusciciding involves the reatment of water,
not snails. Thus cost—effective  tirearment
involves attaining a standard conceniration of
the chosen chemical in a given volume of water
usually over a specified period of time,
irrespective of the number of potential snail
hosts present in the waterbody.

- Mollusciciding involves mastery of certain
simple techniques allied to sound experience of
field transmission patterns. Advanced diplomas
are unmecessary for this type of work, but good
orgapization and the traits of loyalty, common
sense and comscientiousness are mandatory.
There is now greater appreciation than even

before that spail host control activitics usually form part

of a broad range of transmission site control opetations
including, for cxample, those which will ensure
favourable modifications of human water—contact and
contamimation  behaviowr  (sec Annex 2). Thos
identification of the most important potential
transmission sites and prediction of the main scasons of
transmission are crucial initial tasks, Mext, if snail
comtrol activities are to be ipitiated, careful consideration
must be given to the basi¢ options of desirability and/or
feasibility. In many endemic areas, smail control by
mollusciciding may be desirable, but not feasible as the
organizational infrastructure is not locally available to
implement it on & sustained, recurrent basis. In other
arcas, mollusciciding may be feasible, but not desirable
since the intensity of infection is insuificient to cause
significant morbidity. Thus both options must be met.

As part of the cument strategies for
schistosomiasis  morbidity  contrel it becomes

N The members of sach tears should be zble to contribuie 10
all aspects of schistosomiasis comtrol (diagnosis, health education,
water supply and ssnitation, chemotherapy) a3 well as the surveillanee
and control of other communicable diseases such as malaria,
dracunculiasis, smchoesroiazis, eic,
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increasingly evident that potential snail host control
uperations must nowadays be imtimately associated, more
than ever before, with public health considerations (e.g.
priority rating, based on quantitative criteria, for
undertaking control operations) and subsequently with
the maplesnentation of population-based chemotherapy
schedules. In general, it is unwarranted 0 undertake
snail comtrol operations in 4reas where there is mo
evidence that schistosome infection is giving risc to
detectable morbidity. However, i elimination of
transmission is the principal objective, which is the case
i such countries as Algeria, Jordan, Tunisia, ctc., then
snail control by mollusciciding may be obligatory in
biotopes of high risk. In addition, in arcas of intense
ransmission, where chemotherapy is being applied, it is
usually desirable that snail confrol activities will be
closely coordinated with the treatment regimen. In
particular, snail host control  activities, ke other
elements In motbidity control operations, must make a
discernible  coptribution o reduce  schistosomal
trgmsmission 1o levels which no lenger give rise to
significant disease in the affected population,

Similarly, if snail conttol operations are not
cxcluded by the options of desirability/feasibility, then
plans for their implementation must incorporate
satisfactory solotions to the following queries: where,
when, how and by whom to implement them? In
addition, items such as the aims, costs and cvaluation of
results must be included in the provisional plans of
action and later in the national schistosomiasis control
manual which are now being prepared for planning and
training purposes in an increasing number of endemic
countries (e.g. Botswana, Brazil, Cameroon, Malawi,
Moroceo, ete.).

While the primacy of chemotherapy among
cirrent  approaches 10 schistosomiasis  contrel 15
emphasized, the other more ecological intervention
measures, for a variety of reasons, should ncver be
neglected or  given only facit acknowledgment.
Chemotherapy can achieve remarkable reductions in
prevalence in many endemic areas. However, to sustain
this achievement other intervemtions are necessary.
Accordingly, inclusion of snail host control measures can
best be ensured only if they are shown to be
cost—effective.  Similarly, training  courses on
schistosomiasis morbidity control should always include
the non-human clements in the ¢yele of transmission.
Fortunately, the policy of the World Health Orgamization
in regard to schistosomiasis morbidity control and
training programmes conlinues to be catholic and
cmbraccs, as. far as possible, all components (c.g.,
chemotherapy, snail host destruetion, environméntal
improvements, health cducation, etc) which are likely to
provide cost-eftfective, sustained results,

4.2 Where {0 apply molluscicides?

Formerly, mollusciciding operations  were
carried out according to two broad strawegies (i)
focal/seasonal  and/or () blanket (= area wide)
applications. At the present time, the latter approach is

rarely advocated as it is usually too costly, and
cnvironmentally unsound (see footnotc 1) On the other
hand, since schistosomiasis transmission In almost all
endemic foci i spatio-temporal in  paticm,
focal/seasonal mollusciciding opcrations are likely 1o be
the rule rather than the exception. Such selective
mollusciciding applications are usually restricted anly to
those places much used by the populace for such
purposes as swimming, bathing, washing, etc. and to
nearby habitats which may act as snail host repositories.
The former sites are known to the local peopte and aze
easily verified by evidence of frequent access. Simple
maps showing the location of wansmission sites shonld
be prepared and kept up to date. Such maps should also
correlate with prevalence rates in the local human
population, as mollusciciding should nomally not be
undertaken at sites with insignificant  infection.
Drinking=water places are usually scparate and are
generally not important as transmission sitcs. Many large
rivers (e.g. Congo, Gambia, Zambezi) are not in
themselves important In  transmission, but  the
construction of dams, across both large and small fver
systems, vsually leads to ccological changes favouring
iransmission. Most snail hosts arc found on preferred
types’of aquatic vegetation (e.g. water lilies} especiatly
if not too dense, so special attention should be given to
such microhabitats in the transmission site,

In irrigation schemes transmission is usually
most intense close to human habitations where water
contact and contaminstion are both frequent, The places
and periods of transmission arc likely to vary from one
scheme to another, but they can usually be identified by
experienced personncl if carefully conducted field
surveys are undertaken (see Annex 2).

In still watcrbodics the molluscicide should be
applied as a general rule to a radius of at least 15 metres
around the transnission site. It may also be necessary to
remove dense aquatic vegetation to permit improved
penetration  of the molluscicide. In  flowing-water
habitats the mollusciciding procedures are a little more
complicated thatt in standipg-water sites. Simple
solwion dispensers, which can be made locally may be
required and should be sited just upstream of the main
water contact places (see Annex 4).

43 When to apply molluscicides?

The concept of seasonality of transmission may
require some elaboration. For example, in a few endemic
areas it may not be possible to predict precisely a period
of the year when the level of transmission is so light as
to be unimportant; the periodicity of mollusciciding
should therefore comespond to this rclatively unusual
situation. In the majority of areas, howecver, most
transmission will be restricted to certain seasons which
promote increased human water comiact, shail host
population density and schistosomal development, all of
which are likely to contribule to the severily of disease
in the local community., Thus the application(s) of
molluscicide should be geared to such scasons with the
main aim of reducing peak transmission levels to
relatively innocuous proportions.
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The main iransmission $eagons are usually
determined by rainfall and {emperature  patiems.
Flooding, drought and low temperatures (helow 18°C)
tend ta depress/intertupt transmission. On the other hand,
drought may bring about increased transmissiom by
accentuating human contact at  certain  siles.
Mollusciciding programmes should therefore take due
account of thesc natural climatic features and their
consequences,

In some endemic areas transmission may ocCur
to a greater or less degree fot nine or more months of
the year.

Most transmission m both equatorial and
tropical zones takes place in the carly and mid-main dry
scason. In  Central-West Africa (Congo, Gabon,
Cabinda, ete.), however, the main ransmission reason is
still undetermined. Secondary transmission may occur
during the "small" dry season, if one exists.

Whern transiission is scasonal & minimum of
three applications of molluscicide is usually required
annually as follows:

- first application towards end of main rainy
scason after flooding has ceascd;
- sccond application about six weeks later during

early dry scason;

- third application at the start of the "small” dry

SCASOIL

More frequent applications may be needed
when the transfer of infection is "comtinwous” (e.g.,
certain arcas in Zaire) ot if snail hosts belonging to the
Jorskalii group arc responsible for transmission {e.g., in
The (iambia, Cameroon, Gabon, Mauritius, Madagascar,
Niger, Nigeria).

In small, still waterbodies (e.g. pounds,
borrow=pits, small dams) mollusciciding is most
cffective when they are relatively full. When these
habitats have almost dried out mollusciciding is then
usually inappropriate.

The timing of mollusciciding should also be
linked to the delivery of population—based
chemotherapy, and preferably should precede the latter
if chemotherapy is undertaken during periods of intense
transmission.

In summary, it will now be evident that the
timing of mollusciciding applications should be
determined by local rainfall, temperature, water—use and
snail host population density patterns and also, not least,
by population-based chemotherapy  programmes.
Decision-making will be a matter of simple obscrvation
and common sense.

4.4 How and by whom should moliuscicides

I applied?

Some guidelines on how 1o apply the reference
molluscicide, Bayluscidew, are given in Anmex 4. A
detailed description on the use of molluscicides is
provided in the WHO publication "Snail Control in the
Prevention of Bilharziasis® (WHQ 1965b). The
manufacturers of Bayluscide®, Bayer AG, will also
provide instruclions on yeguest.

For practical putposes the techniques of
molluscicide application are not difficult, For all habitats
a simple calculation must be made to determine water
volume and also, if necessary, flow—rate in order to
calculate the dosage (concentration x time, ct product)
required (sce Annex 4). Except in the rare foci where
large quantitics of molluscicide are tequired, great
precision is not needed for the vast majority of habitats,

Apart from the useal wettable powder and
liquid (cmulsifiable comcentrate) formulations, some
available and candidate molluscicides have been
incorporated in various slow-telease matrices (see
Cardarelli, 1974). The term “slow-release” may be
defined as the continwons, long-term release of a
chemical agent, usually at sublethal concentrations, from
a matrix for a period of time ranging from months to
several years. The awractions of this approach are
purported 1o include reduced costs, greater operational
simplicity, long—term destruction of frec—swimming
larval stages of Schistosoma, particular efficacy in small,
static waterbodies and increased environtental safety
(thc latter may not prove to be true in the case of
organotin and organolead candidate molluscicides). In
experimental field testing of molluscicides in certain
slow-rclease preparations the results have been
encouraging (DeSouza and Paulini, 1969; Prentice, 1970;
Prentice and Bamish, 1980; Magendantz, 1974,
Upatham and Sturrock, 1977; and others), but forther
studies  are  desirable before any  definitive
recommendations can be made for their use in routine
control operations.  Slow-telease formulations  are
unlikely to be effective in snail habitats characterized by
flowing water, matked water—level fluctuations, severe
wind and wave action, silt deposition and substrate
instability.

The main requirements of mollusciciding
include: molluscicide; sprayers {(see Annex 7), buckets;
simplc weighing apparatus; tape meagure and plumb
line; record forms; field uniforms, including Wellington
boots; ransport and fuel.

A molluseiciding team usvally consists of three
people: a ficld technician/supervisor and two labourers.
Minor tasks, such 23 maintenance of equipment, may be
allocated to the driver. Such staff must be thoroughly
trained and multidisciplinary (sec fooinote 3); they
should receive incentives for arduous field work (sec
Annecx 1)

Mollusciciding operations may alse be carried
out by primary health care personnel whe have teceived
basic training on schistosomiasis cpidemiology and
control. In addition, as schistosomiasis is undeniably a
"person-made” diseasc, the role of the local community
in carrying out snail control operations deserves 1o be
carefully considered; this is particularly desirable where
transmission sites are well defined, relatively fow in
rumber znd close to the village or town, and also where
there is good community structure and discipline to
promote  sclf-reliance in  terms of health and
gsocio-economic development.
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5 EVALUATION OF MOLLUSCICIDING
OPERATIONS

Formerly, when wery large quoantities  of
niclosamide werc applicd as "blanket treatments" (such
treatmenis arc now scldom, if ever, undertaken), it was
necessary to use the molluscicide a4 cconomically as
possible, For this purpose reliable gnalytical methods to
record the concentration of the molecule
(2", 5-dichloro—4'-nitrosalicylanilide) in the irigation
system or natural waterbodies were then obviously
impottant, Several relatively simple field tests for the
determination  of mniclosamide concentration  were
developed by Strufe (1962 and 1963) and Dawson et al.,
(1978). Such field tests are, of course, also useful for
rescarch studics, but they are seldom necded for focal
mollusciciding operations where only small quantities of
the chemical are periodically applied.

From the practical viewpoint, the cffectivencss
of mollusciciding operations can be assessed by a
number of methods; only two of them will be briefly
described below.

(i) Effect of molluscicide on caged snails

Just prior to mollusciciding, local soail hosts are
collected and placed in nylon—mesh cages {overcrowding
should be avoided? and a fow leaves of aquatic plants
may be added) which are then secured at various places
in the transmission site to be teated. For control
putposes, the same number and species of snails are put

i similar cages apd placed i a neathy untreated site, At

24 hours following mollusciciding the mortality rates in
the treated and control groups ate compated. It i
expected that in the treated area all caged smails will
have perished, while mortality m the control group will
be very low or ml

(i} Effect of molluscicide on "normal” snail host

populations

I[f caged smails arc not uscd, bioassay of the
effectiveness of mollusciciding can be undertaken with
reasonable statistical reliability by measurng the
popilation density of living snails collected in a selected
area {one favourable for the snail hosts) in a unit period
of time just before and preferably within 4 week after
treatment. Obviously it is important to distinguish
between living and dead snails; sometimes this is not
immediately appavent. Any standardized collecting
methad can be used, but the preferred tool in aquatic
habitats involves the use of a long-handled sieve or
scoop (see Annex 8). Hand-picking with forceps can be
used for amphibious snails on moist—soil habitats. Onc
ar more collectors then search for snails in the selocted
areas(s) for a standardized period of time which may be,
for example, 10 or 20 minutes per collector, The length

4 About 5 adult snails placed in a eylindrical
nylon gauze cage (length 15-20 cm, diameter 5-7 cm,
weighted with 'a small stone) staked in position and
submerged i the water is recommended,

of this period depends upon the snail density. The
collections of different collectors should preferably be
kept and recorded separately. The measure of snmail
density is the number of snails collected per porson per
minute. When a collection is repeated in the sample area
the same collector and sieve should be used, and the
collcctor should attempt to collect in exactly the same
manner as that used in the first collections. The time
interval used can be extended if the population density
is low. It is better to estimate the snail density by this
methed in several relatively small areas than in a single
large onte. This method, likc all the others, greatly
depends for reliability on the care and accuracy of the
collector, who must take particular care to avoid the
temptation to increase the number of snails collected by
seeking out and collecting longer in aress of greater
snail density or greater accessibility of smails. The
method has the advantage of being suited to almost
every type of habitat and is moreover relatively simple,
requires only simple tools, and facilitates reasonably

accurate and useful snail population eéstimates i a rather

short time.

During the pre~mollusciciding sowil collections
the risk of exposute to Schistosoma cercariac should, of
course, be avoided.

6. FUTURE ROLE OF MOLLUSCICIDES IN
SCHISTOSOMIASIS CONTROL
STRATEGY

While the future status of mollusciciding in
schistosomiasis c¢ontrol will depend on the type of
conirgl  strategy  adopted, which in tum, will be
determinted by the local scological and socio—cconomic
conditions, there is general agreement that judicious
molluseiciding must be included in any comprehensive
schistosomiasis control programme. Moteaver, in certain
situations the control of the snail hosts alone can confer
substantial protection, although it is seldom that any
single control procedure can be advocated unreservedly.

In the foreseeable future, population-based
chemotherapy together with health education and
focal/seasonal maollusciciding  are most likely to
spearhead schistosomiasis control operations in endemic
foci that merit high priority. As eradication of the snail
hosts is scldom a realistic goal and as the planorbids

. {but not the hydrobiids} have a very high intrinsic mte

of natural increase, the application of molluscicides must
be carefully planned to take advantage of focal and
seasonal patiemns of transmission; in particular, sustained
cfforts, demanding cfficient management, well-trained
and motivated staff, and a recurzent budge! safficient w
fund all cssential supplies and activities, will be
mandatory (Annex 1),

In the future, better strategies and delivery
systems will be needed to improve the cost—efectiveness
of mollusciciding. For example, there is need to
investigate polential new formulations of the available
compounds, such as slow-rclease and bait mechanisms,
and to explore the development of vegetable
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molluscicides in the endemic countries, if adequate local
production can be ensured and if toxivity is not in doubs,
In addition, it is now neccssary, in a wide variety of
socio—ceonomic situations, 1o explore carefully the role
as well as the efficiency of primary health care
personnel apd the local community in the periodic
application of molluscicides, bearing in mind that staff
cmoluments and logistic charges are by far the most
cxpensive components of institutionally supported focal
and scasonal mollusciciding operations.

In conclusion, it is necessary once more to draw
attention to the shortage of all cadres of personnel
{medical, scientific md auxiliary) with switable training
and expericnee of schistosomiasis transmission and
control, including all aspects of the application of
molluscicides. Until this gap is filled the fear must
remain that schistosomiasis will continue to advance,
rather than recede, in distribution and intemsity in most
areas (in particular, in many Sub-Saharan African
countrics) where the infection is actually or potentially
endemic, The World Health Organization bas undertaken
in recent years a number of training courses in close
liaison with interested national authorities; more will be
teeded in the future.
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ANNEX 1

BASIC REQUIREMENTS FOR SUCCESSFUL PROGRAMME MANAGEMENT

Specific, preferably quantifisble objectives, relevant to both national and local levels and agreed by
policy-makers and implementors, must be established.

A cost-effective technological package, proven in pilot schemes, must be available and put to maximum
use.

Imaginative, well trained and committed lcadership, backed by enlightened, vigorous policy-makers, is
mandatory, without them the programme will be less than successful or worse it will fail utterly.

Demand for the programme must be based on justifiable health priority ratings; the views of the
consumers must be constantly sought.

Intersectoral collaboration, if essential, must function not just as an ideal, but as a reality. The same is
true of community involvement.

The programme should be phased realistically over space and time; over—ambition, timidity and rigidity
are, among others, the ingredients of failure.

The programme in terms of needs, implementation, quality control and evaluation must be fully deseribed
in a Plan of Action which should be updated, not simply on a regular basis, but as required.

Full commitment to the continuous success of the programme by all staff members is vital and must be
constantly fostered by all available means including training, incentives, inter—personal relationships,
discipline, etc. Staff, who are dissatisfied without just cause, should be transferred or dismissed with least
delay in case "the contamination" spreads.

Good refresher traiming, staff selection, supervision and simple reporting can compensate In many areas,
for the lack of advanced qualifications. The latter, particularly in certain remote field conditions, may
even be retrograde.

Reporting and evaluation procedures should be simplified and minimized with enly cntical information
being tnonitored. Like cancer, bureaucracy must be diagnosed early and kept at bay.

Debate aver the comparative efficacy of "vertical” and "horizontal” programimes is essentially invalid and
wasteful as they are, if properly executed, complementary rather than incompatible.
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ANNEX 2

POTENTIAL TRANSMISSION SITE SURVEY RECORD FORM

The form and the explanation appearing on the next two pages were developed by
the Division of Control of Tropical Diseases, WHO.
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The main activity taking place at the site is recorded. If
more than one activity iz of major importance, then both
activities may be recorded.

ACCESE:

The presence of a well-defined access path indicates that the
gite is fregquently used. The absence of access pathsz, or a
little used one, indicates that the site is rarely or not
uszaed and that transmission is low or nil.

WATER:

The rate and constancy of water-flow is related to the risk
of transmission. Constant fast-flowing water, in general, is
associated with a low risk of transmission. Similarly, most
gnail hosts can seldom gurvive in sites which dry up for five
or more months each year.

SNAXLS:

The presence or absence of =snaill hosts should be recorded. A
15 minute search, per person, of the places preferred by the
gnail hosts, in or near the site, is considered minimal.

CONTAMINATION:

The presence or absence of =zigns of urination and defecation
is to be recorded. Swimming, for example, can be accepted to
mean that urination takes place at that site.

USER:

The team should ask if the children who use the site have or
have had haematuria. If infected persons use a site, which
is suitable for snail hosts, this is highly significant.

COMMUNITY AILD:

Note is made on whether the community is willing or not to
help in cleaning up the contact sgite, in changing human
behaviour by local legislation, or in doing the
mollusciciding.

RANK;

The rank number will be the total of the coded numbersz given
to each category for each site, This number will ultimately
determine the mollusciding/snail control procedures.
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ANNEX 3

MAJOR CHARACTERISTICS OF BAYLUSCIDE®!

Active ingredients Niclosamide
2'5 dichloro=4'-nitro—salicylanilide ethanolamine salt
Physical properfics
Form of technical material crystalline solid
Solubility in water 230 mg/1 (pH dependent)
Toxicity*™
Snail LCy(mg/1xh) 3-8
Snail eggs LCy(mg/1xh) 2-4
Cercariag LCy(mg/1) 03
Fish LCy, (mg/1) 005 -03
Rats, acute oral, LD,, (mg/ke) 5,000
Herbicidal activity . pone
atabity (affected by) '
UV, light no
Mud, turbidity yes
pH optimum & ~ 8
Algae, plants no
Storage no
s T TG
Safe yes
Simple yes
Formulations 0% WE
25% EC
Field dosage
Aguatic snails (mg/1xh) 4-8
Amphibious snails on moist
soil{g/m?2) 02
I o i i Wil W

! Source: Schistosomiasis Control, Report of a WHO Expert Committee, BT, Hith Org Tech Rep Ser, 1973, No, 5185.
Bayluscide® is manufactured by Bayer AG, Sparte Pflanzenschutz, Anwendungstechnik, Beratung, 5090 Leverkusen,
Bayerwerk, Germany,

‘The term mg/Axh indicates that the figures piven are the product of the concentration and the number of hours of exposure,
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ANNEX 4

GUIDELINES FOR MOLLUSCICIDING OPERATIONS
USING NICLOSAMIDE (BAYLUSCIDE®)

1. Niclosamide (Bayluscide®) and its properties

The major characteristics of Bayluscide® are given in Annex 3 and also in Section 3.3, "Currently
available molluscicides”.

The active molluscicidal ingredient (a.d.) in Bayluscide® is niclosamide. Bayluscide“’ is a product
specially developed for the destruction of freshwater snails which transmit schistosomiasis and some other
trematode infections. This molluscicide can kill both the snails and their egg masses at very low
concentrations (ppm or mgl™) within a few hours; at such levels Bayluscide® can also kill miracidia and
cercariae, the larval stages of schistosomes which may occur in the transmission foci.

Niclosamide is available in two formulations:

(i)  Bayluscide® wettable powder (WP) with 70% efficiency (ai. 70%) and

(i)  Bayluscide® emulsifiable concentrate (EC) with 25% efficiency (ai. 25%). This product

is sometimes called Clonitralide®.

As a general rule, Bayluscide® WP should be mixed at not less than 1:20 (WT/Vol.) in water and
the EC formulation should be diluted to at least 1:15 (Vol./Vol.} in spraying cquipment in order to
facilitate improved dispersion.

Further practical information on the application of Bayluscide® is given in the following two
documents which may be sent to the reader by request to the address given for each:

{0 "Baylu&cide” molluscicide for the control of freshwater snails, vectors of bilharziasis” (7
pages, in English and French). Bayer AG Technical Document, Bayluscide, Sparte
Pflanzenschutz, Anwendungstecknik, Beratung, 5090 Leverkusen, Bayerwerk, Germany.

(ii) Bilharzia. A Manual for Health Workers in Malawi 64 pages. 3rd Edition, 1986
Published with support from CIBA GEIGY Ltd. on behalf of the Ministry of Health,
Lilongwe, Malawi, for the National Bilharzia Control Programme.

2. Application of niclosamide

Cost—effective mollusciciding operations require that as far as possible the cormect dosage is
applied; either too much or too little molluscicide is wasteful and inefficient. The correct dose (D) is
derived from the product of the concentration (C) of the chemical in the waterbody and the time (T)
during which the snail hosts are exposed: thus

D=CxT and hence c=%

In most field situations the dose recommended for niclosamide (sce Annex 3) can be accepted as
satisfactory, but in certain transmission sites it may be necessary to increase it slightly or, for example, to
use the 25% E.C. formulation mixed with diesel oil, instead of the 70% W.P., in order to achieve better
dispersion of the molluscicide in waterbodies where the aquatic vegetation is exceptionally dense.
Niclosamide is highly toxic to the snail hosts at a concentration of 0.5 parts per million (0.5 mg1™) if the
water volume to be treated is accurately measured and the exposure time is 24 hours.
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In transmission zites with stationary water (ponds, borrow-pits, small dams and reservoirs, etc.)
the first procedure is to obtain a reasonably accurate estimation of the volume of water in cubic metres.
While a satisfactory estimation of the surface area can usually be guickly oblained, measurements to
determine the average depth are more time-consuming and they may need, particularly in larger
waterbodics, to take account of considerable variations in depth. Inaccurate measurements of the volume
of water in snail habitats larger, for example, than 10.000 m® can be both costly and wasteful. In fact, at
the present time, mollusciciding operations in very large waterbodies are limited to specific ttansmission
sites.

The following description of the application of Bayluscide, given in the document entitled
Bilharzia: A Manual for Health Workers in Malawi (Anon., 1986), is exemplary.

tatjc wab
The makers of Bayluscide recommend that it should be mixed in the proportion of 1
gramme of active ingredient to two million parts (cubic centimeters) of water. This is the
same as half a gramme to one million parts of water, or 0.5 parts per million Hpm). In
practice, because only 70% of the powder contains the active chemical this must be
allowed for when calcutating the amount of chemical needed. Knowing these facts, (which
never change), the only thing we have to measure when treating static water is the
amount of water 1o treat, i.e., the volume. This is calculated by measuring the average
length by the average width by the average depth (all in metres), thus:

Volume (m? =length  width x depth

When the volume is known the amount of chemical necessary if reating with Bayluscide
70% wettable powder is:

Volume of waterbody = 0.5 = %g

Or if using Bayluscide 25% emulsifiable concentrate, the amount of chemical needed i

Volume of waterbody = 0.5x %cm“

Example

A swamp with bilharzia has an average length of 100 metras, an average width of 40
metres, and an average depth of 3/4 of a metre. How much chemical is needed to treat it?
From the equation above, and using Bayluscide 70% WP, amount of chemical needed =

(100 40%0.75)x 0.5 %’4142.&59 or 2.14kg

Using Bayluscide 25% EC, amount of chemical needed =

(100 x40 x0.75) x.%x%q=a)00mn3

in locations where water is static, such as swamps, dams and ponds, treatment is best
carried out using sprayers. These are also useful in flowing-water habitats where
vegetation obstructs the flow or in drains where the flow is so sluggish that the

(ANNEX 4)
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molluscicide will travel only a short distance before becoming ineffective. Because drains
are generally of varying cross-section, and the depth of water in them ean range from
aimost nothing 1o shallow ponds, it is difficult to estimate accurately the amount of
chemical required to treat them effectively. For this reason it is betler 1o ovardose than
underdose. For places whete the flow is very slow, 30 mg Bayluscide in 10 litres of water
sprayed generously over the whole surface of the water should be sufficient. The powder
is placed in the sprayer with about 1 litre of water and thoroughly shaken before the
remainder of the water is added, Spraying should be carried out systematically, and the
entire surface of the water should be treated.

Whare drains are difficult to treat because of large volumes of water, or vegetation makes
access o thern impossible, they can be treated by the "dam and flugh® technique. Thig
involves damming the drain at suitable points (e.g. a road bridge), and then treating the
trapped water heavily (10 ppm) by blanket spraying the surface. The water is left for two
hours while the water upstream is treated in the normal way (moving from mouth to
source), and the dam is then breached and the entire drain flushed. This method saves
chemical and has a longer-fasting effect.

For large dams and lakes, whera the water is deep and there is a submerged vegetation,
only the edges need be sprayed for a distance of about 5 metres from the shore, This is
often best carred out from a boat. ‘ - ‘

However, as already mentioned, it is very important to remember the reservations concerning the
cost—ctfectiveness of carrying out mollusciciding in large waterbodies. If chemical treatment does seem to
be desirable it is probably best restricted to actual transmission sites where infected snails, cercariae and
miracidia are concentrated, often only seasonally. :

At foci, where mollusciciding:

is beyond the range of knapsack sprayers, stirup pumps can be usad. When these are
unobtainable, old maize cobs soaked in a concentrated solution of Bayluscide for a week
and thrown into the middle of the pond are effective.

Knapsack sprayers, as their name implies, are carried on the back of the worker, and
there are models where the chemical can'be pumped out by hand, while others dispense
the chemical under pressure. Stirrup pumps are designed 1o enable the chemical to be
dispensed under high pressure so that it ¢an be projectad long distances.

Mﬂmﬂm . g

In general the cost of mollusciciding m flowing waterbodies is more expensive than in
comparable statiopary transmission sifes. ‘

Chemical control of flowing water is commonly carried out by drip-feed technique. This
involves the steady introduction of the chemical for a number of hours into flowing water at
the source of the system. The aim i$ 10 use the flow of the water to carry the chemical
throughout the system. It requires that sufficient chemical is introduced at the source 10
ensure that by the time the chemicat front reaches the end of the scheme it is still of high
enough concentration 10 kill the snails and their eggs. In practice the water seldom flows
uninterrupted from one end of the scheme 1o another. There may be ponds or storage
dams midway 1o break the fiow, or in iigation schemes there may be *dead ends® of.
canals, where no flow occurs unless water is being drawn from them. ‘These factors should

(ANNEX 4)
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be taken into account and allowed for when applying mollusciciding by drip-feed. Such
situations may require booster dispensers at intermediary dams, and knapsack spraying of
the tail ends of static water canals, or isolated stagnant pools in natural water bodies.
These places are usually primary transmigsion points. Dispensers {see Fig. below) should
be set up at narrow or turbulent points in a stream canal to ensure complete mixing of the
chemical with the water,

Chemical introduced into flowing water will be immediately carried away from the point of
application, and therefore must be applied for a period of time to compensate for this. If
not, it will not be in contact with any snails presént long enough to kill them, The
recommended time that flowing water should be treated with Bayluscide at a concentration
of 1 ppm i2 B hours. The only measurement that concerns us in this situation is how fast
the stream or river is flowing, This can be measured using a flow meire. However, such
instruments may not be easy to abtain, and for the purposes of anail control the following
procedure to measure the rate of flow or discharge is quite adequate:

{ i) Measure and mark off a 20 metre stretch of the river or canal below the point
where you will infroduce the chemical,

(i) Drop in a float {green twig or float) above the first mark and measure the time in
seconds that it takes for the fioat to travel the distance between the two marks.
{ii) Repeat the operation six times and note the fagtest speed.

{iv) Measure the cross-sectional area of the canal/stream. This Is obtained by
rmeasuring the average width and depth, and multiplying by 0.85. The latter figure
is & constant as the average flow velocity amounts to about 85% of the maximum
velocity measurad,
Now the Discharge (D) = speed x cross section x 0.85 m¥/sec.
Knowing the discharge, the amount of chemical (Bayluscide 70% WP) neaded to treat a
flowing water habitat is

100

0
——grams per second
70 o Pe

D1 x

We have decided 1o treat for 6 hours (rather than 8 hours) and therefore the amount of
chemical naeded is

100

Dt xBx60x80 g
70

Exampte

A stream is found to have a discharge of 6 m*/sec. How much Bayluscide 70% WP js
needed 10 treat it?

From the equalion above, the amount of chemical needed =

6x1><-1%2x6x60x60w135.14kg

A convenient dispenser is a 200 litre drum that can be set to empty its contents every 30
minutes. Thus, to discharge the full amount of chemical, the drum will need to be emptied
12 times (12 x 30 ming = & hours). Therefore the amount of chemical that should be
mixed at each filing of Bayluscide 70% WP should be: o

This amount of chemical is measured out, preferably in the laboratory beforehand and
stored in 12 bags of 15.42 kg each, and added to the drum when 1/4 full of water,

(ANNEX 4)
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185
——=1542k
12 9

Whan the powder has been thoroughly mixed, the remainder of the water is added, and
the drum Is ready for discharging. It is obvious that no break in the discharge should occur
once the drip-fead has started or 5ome water will pass by untreated. To avoid this two
dispensers should be used side by side, the one being recharged while the other is
discharging. Frequant stirring of the contents of the drum during discharge is also
recommendad to avoid the chemical settling out.

With regard 10 mixing the spray, the manufacturer (Bayer) recommends that Bayluscide 70% is
sprayed at 1% (1 kg/100 litres water). The spray mixture should be constantly agitated. While mixing the
spray it is advisable to wear a mask. For the application of Bayluscide 25% EC a dilution with water in a
ratio of 1:10 to 1:60 is recommended, the latter being optimal. Bayluscide 25% EC displays an excellent
spreading effect when used in combination with diesel oil at a ratio of 8.5 parts of Bayluscide 25% EC to
1.5 parts of diese! oil (see the document entitled "Bayluscide®. Molluscicide for the control of freshwater
snails, vectors of bilharziasis®, published by Bayer.

in some irrigation schemes it may be possible to hold the treated water in the
canals/drains/dams for a period of fime to allow the chemical longer contact with the
snails. In order to do this we need to know the discharge of the pump or weir and the time
it takes 1o fill the system with Bayluscide-treated water. The method for measuring the
discharge is described above, The time it takes to fill the system will depend on the size of
the pump/weir feeding it, and it can be calculated thus:

Size of dam (m®)

Time required to fill system =
Capacity of pump {m® per second)

Size of dam and canale = 70,000 m®. Capacity of pump = 6 m°sec. Therefore, time to fill
the system =

70000

N 23,24 hours =3 hours
6x3600 *

If the volume of water in the system i$ unknown the time taken to fill it can be calculated
by first emptying the canals/dams and then measuring how long it takes for them to be
filled up again. With this information it is possible to calculate the amount of chemical
required as described ahove.

The following procedure should be adopted when cantying out a drip-feed by the above method:

(0 Inform irrigation and agricultural personnel well in advance 10 ensure that the day
chosen for the drip-feed will suit their programme.

{fh The day before drip-feeding switch off the pumps, (close the weir), and open the
gates to the fields to reduce the level of the water in the canals as much as
possible. This will reduce the amount of untreated water already present, and
ensure mora thorough penetration of the chemical subsequently.

(i) On the day of the drip—feed close all the outlet gates, and switch on the pumps
and the drip-feed together.

(ANNEX 4)
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When the system is full switch off both pumps and dispensers and hold the water
in the canals/dams for & further 24 hours before releasing %. Durting this time any

parts where the treated water is unlikely o reach should be treated using
knapsack sprayers,

(ANNEX 4)
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TABLE 1: QUANTITY OF BAYLUSCIDE WP 70% NEEDED TO GIVE A
CONCENTRATION OF 1 PPM IN STATIONARY WATER

VOLUME OF WATER QUANTITY OF BAYLUSCIDE WP 70% NEEDED
IN CUBIC METRES

0.00143 kilograms OR 1.43 grams’
0.00286 " ' 286 "
0.00425 429
0.00572 " 5.72
0.00715 7.15
0.00856 " ' 8.56
0.01001 ' 10.01
001144 11.44
0.01287 ) 12.87
0.01430 ! " 14.30
0.0286 ' 28.6
0.0429 429
0.0572 57.2
0.0713 " 7.5
0.0856 856
70 0.1001 100.1
30 0.1144 ' 1144
90 0.1287 128.7
100 0.143 143.0
200 0.286 " 286.0
300 0.429 429.0
400 0.572 ' 572.0
500 0.715 715.0
GO0 0.856 356.0
700 1.001
800 1.144
800 1.287
1000 1.430

=l RN I R R T S

NOTE: The efficiency of Bayluscide wettable powder is 70%. This mcans that to provide 1 gram of activg
Bayluscide, 1.43 g of the Bayluscide powdeg is needed.

In feld sitvations, the molluscicide will be measured to the nearest gram.

(ANNEX 4)
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TABLE 2: QUANTITY OF BAYLUSCIDE WP 70% NEEDED TO GIVE A CONCENTRATION OF
1 PPM IN FLOWING WATER
1 cubic metre = 1000 litres

DISCHARGE IN CUBIC PERIOD OF CONTINUOQUS QUANTITY OF BAYLUSCIDE
METRES FER SECOND APPLICATION WF NEEDED
Q.01 (or 10 litres) 8 hours 0.4116 kg (or 411.6 g)
002¢" 20 " ) " 0.8232 kg (or 823.2 g)
003 (" 30 ") "o 1.235 kg
004 (" 40 " ) " _ 1.641 kg
005 (" 50 " ) "o 2058 kg
006 (" G0 ") .o 2470 kg
007 (" 0 ") b 2.882 kg
008 (" 80 " ) mo 3.293 ke
Q09 (" 90 " ) "o 3.705 kg
Q10 ¢" 100 " ) "o 4.116 kg
020 ¢" 200 " ) "o 8232 kg
030¢" 300 " ) mon 12.348 kg
040 (" 400 " ) "o 16.464 kg
050 ¢ 3500 " ) "o 20.580 kg
060 (" 600 " ) "o 24.696 kg
Q70 (" 700 " ) " 28812 kg
080 (" 800 " ) "o 32.928 kg
090 ¢ 900 " ) "o 37.044 kg
1.00 ¢ 000 " ) noe 41.160 kg
2 CUBIC METRES "o 82320 kg
3 v m 123.480 kg
4 v non 164.640 kg
5 oo " 205.800 kg
6 " ne 246.960 kg
7 " " 288.120 kg
8 A " 329280 kg
g " " Lo 370.440 kg
mw v wor 411.600 kg

NOTE: The efficiency of Bayluscide wettable powder is 70%. This means that one part of the powder
contains only (1.7 part of active Bayluscide. In other words, to get a concentration of I ppm of active
Bayluscide in the water, 1.43 grams of Bayluscide WP must be applied to every cubic metre of water.

(ANNEX 4)
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TABLE X QUANTITY OF BAYLUSCIDE EC 25% NEEDED TO GIVE A
CONCENTRATION OF 1 PPM IN STATIONARY WATERS
(PFONDS AND POOLS, ETC.)

VOLUME OF WATER QUANTITY OF BAYLUSCIDE NEEDED
IN CUBIC METRES

1 0.004 kilograms OR 4 grams
2 0008 " " g "
3 ez " " 12 "
4 0016 " " 16 "
5 0.020 " " 20 "
6 0024 " " 24 "
7 0.028 " " 28 "
8 o032 " " 3z "
9 0036 " " 1
10 0.040 " " 40 "
20 0.080 " " B -
30 010 " " 120 "
40 D160 " " 160 "
50 0200 " 200 07
G0 0240 " " 240 "
70 0.28¢ " " 280
80 0320 " v 320 "
90 0360 " " 360"
100 0400 " 40007

200 0.800 " . 8OD "

300 1200 "

400 1600 "

500 2000 "

GO0 2400 "

700 2.800 "

800 3200

900 3600

1000 4000 "

NOTE: To get a concentration of 1 ppm, 4 g of the emulsifiable concentrate would be needed to treat each
cubic metre of water.

(ANNEX 4)
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TABLE 4:

QUANTITY OF BAYLUSCIDE EC 25% NEEDED TO GIVE A
CONCENTRATION OF 1 PPM IN FLOWING WATER

! cubic metre = 1000 ltres

PERIOD QF QUANTITY OF BAYLUSCIDE EC
BISCHARGE OR FLOW PER CONTINUCUS 25% REQUIRED FOR ENTIRE
SECOND ' APPLICATION PERIOD OF APPLICATION
0.001 cubic metres, or 1 htre 8 hours 1152 grams
gogz o2 " 2304 "
0003 A B " 3456 "
Qo4 " " 40" " 4608 "
oogs v 5 " v 3760 "
0006 " " " 6 o 691.2 "
goo7 v v T " .o 8064 "
ooog * " " g . 216
100 S . 1.0368 kg
g0 » " " 10 ° .o 1.152 °
0020 " "~ " 2" .o 2304 "
0030 * " " 30 " " 3456 "
0040 ™ " " 40 " "o 4608 "
0050 " " " 50 " "o 5760 "
g060 " " " 60 " "o 6912
o7 " " " 0" "o 2064 "
oo "~ " " 8 " v 9216 "
0osc *~ " " @0 " "o 10.368 "
oo " " 100 " .o 11520 "
0200 L 00 "o 23.040 "
0300 ™ " 300 " v 34360 "
0400 * % " 400 " "o 46.080 "
0500 » ™ " 500 " v 57600 "
0600 " ™ " 800 " " 69.120 "
w0 " " " 700 " " 20640 "
o&oo v M (01 "o 92,160 "
0900 " " "_g90p " v 103.680 "
Lo " ¢ " 115200 "
o

(ANNEX 4)
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Fig. 6: LIQUID BISPENSER — FLOAT BOX TYPE

200 Litre Oit Drum
14" Pipr

4" Hose

Float Valve

Tap

Stream

Planking

Wooden Stand
Ground

Brace

e ey e BT B R

Y

* Fig. 7: EVALUATION OF DISCHARGE 8Y FLOAT METHOD

J
4

a Float drapped into walcr End of run
b Floal enters run Point where cross-sectional area i8 measured

Source: Bilharzia A Manual for Health Workers in Malawi.

(ANNEX 4)
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Toxicity

Supply
Yicld

Type of plant

Flant parts
Storage
Extraction

Physio-chemical
stability

Knowledge of
plant in endemic
area

Culmrat
acceptability

Additignal vses

ANNEX 5

DESIRABLE CHARACTERISTICS OF MOLLUSCICIDAL PLANTS!

High toxicity against target organisms;
low or no toxicity against non-target organisms at molluscicidal concentrations.

Readily available locally.
High yield of molluscicidal matcrial per plant and per unit arca of cultivated land.

Perennial rather than annual;

reproduce by seeds rather than by tubers;

drought resistant for use in arid areas;

semiacquatic or aquatic for use directly in snail habitars;

high propagation and rapid growth rates with minimum capital and labour input;
high adaptability to differing local environmental conditions:

high resistance to pests, weeds, efc,

Localization of high potency levels in regenerating parts (berries, fruits, flowers, puts
deciduous leaves) or vegetatively planted tubers.

¥

Molluscicidal material of seasonally producing plants should not lase potency duging
storage of at least one year.

Active principle should be extractable by simple apparatus and cotnonly available
solvents, preferably water,

Retention of molluscicidal potency under physio—chemical influences (pH, sunlight,
temperature, silt, organic matter, water pollution) normally found in the endemic area
duting the annual cycle.

A good knowledge of growing habits and requirements, toxicity and any medicinal
properties of plants by local people, is an asset,
Absence of spiritval and ceremonial vses of plants and aversions based on folklore and

magic, which might interfere with their use for snail control, is desirable.

Suitability of the same plant parts for other public health, local, domestic or industrial
nses,

! Kloos, H, and MeCullough, F.5. (1982}, Plant Molluscides. Planta Medica 46: 193209,




WHO/SCHISTO/92.107

Facr 30 Mollusciciding in schistosomiasis control

ANNEX 6

Class of compound

MAJOR CLASSES OF NATURAL PRODUCTS WITH
RECOGNIZED MOLLUSCICIDAL ACTIVITY'

Plant

Family

Triterpenoid saponing

Spirostanol saponins

Steroid glycoalkaloids
Diterpencs

Sesquitcrpenes

Monoterpenes
Iridoids
Naphthoquinoncs
Alkenyl phenols
Chalcones
Flavonoids

Tannins

Furanocoumaring
Isobutylapides

Alkaloids

Phyiolacea dodecandra
Hedera helix

Lonicera nigra

Cornus florida
Balanites aegyptiaca
Asparagus curillus
Scelanum mammaosum
Wedelia scaberrima
Baccharis trimera
Warburgia ugandensis
Warburgia stuhlmannii
Ambrosia maritima
Podachaenium eminens
Genus Lippia

Olea curopaeg
Diospyros usambarensis
Anacardium occidentale
Polygonum senegalense
Baccharis trimera
Polygonum senegalense
Polygonum nodosum
Acacia nilotica

Other_species

Ruta chalepensis
Heliopsis longipes
Fagara macrophylla
Culpurnia aurea

Phytolaccaceac
Araliaceac
Caprifoliaceac
Cornaceae
Balanitaceae
Liliaccae
Solanaceae
Compuositae
Compositae
Canellaceae
Canellaceae
Compositae
Compositae
Verbenaceac
Oleaceae
Ebenaceat
Anacardiaceae
Polygonaceae
Compositac
Polyponaceae
Polygonaceae
Leguminosac

Rutaceae
Compositae
Rutaceac
Leguminosae

Marston, A. and Hostetman, K. (1985). Plant Mollmscicides. Phytochemistry 24: 639652
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ANNEX 7

SOME EQUIPMENT USED FOR MOLLUSCICIDE APPLICATION'

Type of habitat

Equipment suggested

Dry/moist soil areas

Still water of various
extents, depths
and configurations.

Flowing water of various
extents, depths
and configurations.

Watering can.

Stirrep pump.

Knapsack sprayer.
Compression sprayer.
Portable pumps:

{a) mannally operated
(b) powered.
Granule/pellet applicator.

Stirrup pump.

Portable pumps,

{a) manually operated.
{b) powered.

Knapsack sprayer.
Granule/pellet applicator.

Solution dispensers of various types.
Automatic dispenser fitted with agitator.

Note:

For further information on equipment please write to Director, Division of Control of Tropical Diseases,
WHO, Avenue Appia, 1211 Gepeva 27, Switzerland.

After: Ansari, M., Ed. {1973}, Epidemiology and Coniral of Schistosomiasis (Bilharziasis), 5. Karger, Basel, Paris, London, New York
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ANNEX 8

SOME SNAIL COLLECTING DEVICES USED IN FIELD SURVEYS

Many kinds of snail colleeting scoops have been designed and used in different endemic countries.
Some are shown below, It is not recommended to collect snail hosts by hand because of the risk of infection. If
the hands or other parts of the body have been exposed to potentially contaminated water, they should be dried
off immediately by brisk rubbing. The snails can be transferred from the scoops to another container by long,
pliable forceps. The following cxtract from Bilkarzia. A Manual for Health Workers in Malawi may be useful.

When searching for snails it is advisable to look first without the aid of the scoop for snails that
may be more easily collacted with forceps. Snails are usually most abundant in vegetation, and
the scoop Is best placed under floating weeds and then shaken gently to dislodge the snails.
Alternatively, clumps of vegetation can be removed from the water with the scoop and placed on
a large tray. Vigorous shaking of the vegetation with forceps diglodges the snails on to the tray
where they can be more easily seen and collected.

In ponds and stréams with muddy bottoms care should be taken not to sceop too deep as
scoopfuls of mud hide the snails. When mud and decaying vegetation are abundant, especially in
shallow water, the snails can often be more easily seen ¥ the scoop is cleaned before inspeaction
by moving it gently back and forth on the surface of the water so that the mud is washed away.

It a search is being made along a shallow water course it is bast to work from mouth to source
{upstream), 50 that muddy or turbid water caused by scooping i$ carried away from the
unsearched area ahead.

Snail-collecting seoop used in Brazil. This sturdy rectangular scoop is
made of heavy—gauge perforated sheet metal with a forward cutting edge
and a deep rear portion.
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B. Snail scoop used in Brazgil for snail collecting,

The drag scoop consists of a long~handled wirc—mesh net
with a deep belly, properly braced. The sample is taken by
placing the scoop face downwards and dragging it across
the bottom and up the side to the water's edge. Here the
scoop is inverted and the mmud is washed out. The scoop can
be used io sample a finite portion of the bottom, but it is
comparatively slow and laborious in operation.

Source of iMustrations: Ansard, N. (1973). See references,

Shrong matal frama

Ancther type of scoop or dip—net for snail collecting.

¥ u Lurwar fimn mpen

LI Y TSR )

Drag scoop for snail collecling
A. Start of sampling

B. End of sampling

C. Washing the somple

{ANNEX 8)
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Checking on snails after treatment.

(ANNEX 8)




